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In the United Kingdom, most employers offer their employees some type of 
occupational pension scheme. One of these types is a Defined Benefit pension plan, this 
is when an employer promises to pay a certain (defined) amount of pension benefit to 
the employee based on the final salary and years of service. So, in this type of 
occupational pension scheme, the employers bear all the risk, as they have to ensure 
the payment of the retirement benefits to the members when they fall due. The 
Actuaries are able to estimate the future payments and discount them to a current date. 
This present value of the future payments is called the liability and can be compared 
with the amount of assets to check there is enough money in the present to pay the 
promised future benefits. However, the liability is subject to variation over time because 
it is exposed to interest and inflation risk. Taking this into account, Mercer developed a 
sophisticated investment strategy called the Liability Benchmark Portfolio or LBP which 
is a low risk investment portfolio composed by zero coupon government bonds that will 
closely match the sensitivities of the liabilities to shifts in the inflation and interest rate. 
My task in the internship was to calculate these sensitivities of the liabilities that are 
required by the investment team to be able to build an LBP. Therefore, the risk will be 
reduced and we are closer to ensure that the members of the fund will receive their 
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No Reino Unido, muitos empregadores oferecem aos seus empregados algum tipo de 
regime de pensões profissionais. Um destes tipos é o regime de pensões de benefício 
definido, isto é, quando um empregador promete pagar uma certa quantidade 
(definida) de benefícios de pensão ao empregado baseado no salário final e nos anos de 
serviço. Deste modo, neste tipo de regime de pensão profissional, o empregador 
suporta todo o risco, porque tem de garantir o pagamento dos benefícios de reforma 
aos membros quando eles vencem. Os atuários conseguem estimar os pagamentos 
futuros e descontá-los para a data atual. Este valor atual dos pagamentos futuros é 
chamado de responsabilidade e pode ser comparado com o montante de ativos para 
verificar se há dinheiro suficiente no presente para pagar os benefícios futuros 
prometidos. Contudo, a responsabilidade está sujeita a variações ao longo do tempo 
porque está exposta ao risco de juros e inflação. Tendo isto em conta, a Mercer 
desenvolveu uma estratégia de investimento sofisticada chamada “Liability Benchmark 
Portfolio” ou LBP que é uma carteira de investimentos de baixo risco composta por 
obrigações do governo de cupão zero que vão igualar aproximadamente as 
sensibilidades das responsabilidades a mudanças da taxa de inflação e de juro. A minha 
tarefa no estágio era calcular estas sensibilidades das responsabilidades, que são 
necessárias para que a equipa de investimentos consiga construir um LBP. Sendo assim, 
o risco vai ser reduzido e estamos mais perto de assegurar que os membros do fundo 













Palavras-chave: Liability Benchmark Portfolio; Pensões do Reino Unido; Risco de juros e 






The academic internship report was very challenging and wouldn´t be possible without 
the help and support of some important people.  
First, I would like to express my appreciation to the company that hired me and gave me 
this amazing opportunity, Mercer. Many thanks to the people that selected me to take 
this internship which allowed me to have this great first professional experience. I am 
also grateful to my service manager and people manager which is also my supervisor on 
behalf of the company, Hugo Granja and Diana Tavares. I really appreciate everything 
they taught me and all the support that they gave me during this time, in particular when 
they allow me to take a study leave to focus on the Masters, even not being in the best 
interest of the service, special thanks it was an enormous help. I would also like to 
acknowledge the help and support of all the colleagues who work with me during this 
internship, especially to Daniela Tavares and Filipa Ribeiro for their assistance. It was a 
pleasure working with all of them.  
For my supervisor on behalf of ISEG, Professor Maria Teresa Garcia, I would like to 
express my deepest gratitude for everything she has done. She was indeed an essential 
person in the realization of this report, always available even on a tight schedule and I 
dare saying that I could not have done this report without her help and support.  
Finally, I would like to thank all my family and friends, in particular to my parents for all 



















Abstract ........................................................................................................................ ii 
Resumo ........................................................................................................................ iii 
Acknowledgements ...................................................................................................... iv 
List of Figures ...............................................................................................................vii 
List of Tables ............................................................................................................... viii 
List of Abbreviations ..................................................................................................... ix 
1. Introduction .............................................................................................................. 1 
2. Mercer ...................................................................................................................... 2 
2.1 History ................................................................................................................................. 2 
2.2 Mission, purpose and values ............................................................................................... 2 
2.3 Mercer House ...................................................................................................................... 3 
2.4 Organizational Structure ..................................................................................................... 3 
3. UK Pension Funds ...................................................................................................... 4 
3.1 State Pension ....................................................................................................................... 4 
3.2 Personal Pension ................................................................................................................. 5 
3.3 Occupational Pension .......................................................................................................... 6 
3.3.1 Defined contribution schemes ...................................................................................... 7 
3.3.2 Defined benefit schemes .............................................................................................. 8 
3.3.3 Hybrid schemes ............................................................................................................ 9 
4. Defined Benefit pension schemes ............................................................................ 11 
4.1 Responsibilities and roles .................................................................................................. 11 
4.1.1 People ......................................................................................................................... 11 
4.1.2 Institutions .................................................................................................................. 12 
4.2 Actuarial Valuation ............................................................................................................ 13 
4.2.1 Valuation methodologies ............................................................................................ 16 
4.2.2 Actuarial assumptions ................................................................................................. 18 
5. Liability sensitivity analysis ....................................................................................... 19 
5.1 Liabilities ............................................................................................................................ 20 
5.2 Risk measures .................................................................................................................... 22 
5.3 Modelling process.............................................................................................................. 24 
5.3.1 Cashflows .................................................................................................................... 25 
5.3.2 Input ........................................................................................................................... 28 
5.3.3 Gold Tool .................................................................................................................... 29 




6. Conclusion ............................................................................................................... 35 
References .................................................................................................................. 36 
Appendix 1: Indexation periods ................................................................................... 39 
Appendix 2: Uninflated spreadsheet ............................................................................ 40 
Appendix 3: Input spreadsheet .................................................................................... 44 
Appendix 4: Gold Tool layout ....................................................................................... 50 
Appendix 5: Output spreadsheet ................................................................................. 52 



























List of Figures 
Figure 1: Mercer House Source: Author ........................................................................... 3 
Figure 2: Pension revaluation in deferment Source: Mercer (2018c) ............................ 15 
Figure 3: How pensions revaluate Source: Mercer (2018c). .......................................... 15 
Figure 4: Pension in payment Source: Mercer (2018c) .................................................. 16 
Figure 5: Interest rate risk Source: Mercer (2017) ......................................................... 21 
Figure 6: Inflation rate risk Source: Mercer (2017) ........................................................ 21 
Figure 7: How delta is value Source: Mercer (2019d) .................................................... 23 
Figure 8: How delta change with volatility Source: Mercer (2019d). ............................ 23 
Figure 9: How delta change with time Source: Mercer (2019d) .................................... 24 
Figure 10: How the  LPI Pricer works  Source Mercer (2018b) ...................................... 32 
Figure 11 How the Gold Tool works  Source: Mercer (2018b) ....................................... 32 
Figure 12 :Liability Hedge Source: Mercer (2019b) ........................................................ 34 
Figure 13: Indexation periods Source: Author ............................................................... 39 
Figure 14: Cashflows received from the Actuary Source: Author .................................. 40 
Figure 15: Discount rate and Actuarial Assumptions Source: Author ............................ 41 
Figure 16: Cashflow half time adjustment Source: Author ............................................ 42 
Figure 17: Sheet to uninflate the cashflows Source: Author ......................................... 43 
Figure 18: Audit sheet Source: Author ........................................................................... 44 
Figure 19: Main sheet (summary of the inputs) Source: Author ................................... 45 
Figure 20: Uninflated cashflows for Gold Tool Source: Author...................................... 46 
Figure 21: Building Block Source: Author ....................................................................... 47 
Figure 22: LPI Model Parameters Source: Author .......................................................... 48 
Figure 23: Curves Source: Author ................................................................................... 49 
Figure 24: General Settings Source: Author ................................................................... 50 
Figure 25: Preliminary Source: Author ........................................................................... 51 
Figure 26: LPB Derivation Source: Author ...................................................................... 51 
Figure 27: Output from Gold Tool part 1 Source: Author .............................................. 52 
Figure 28: Output from Gold Tool part 2 Source: Author .............................................. 53 
Figure 29: Output from Gold Tool part 3 Source: Author .............................................. 54 
Figure 30: Output from Gold Tool part 4 Source: Author .............................................. 55 
Figure 31: Comparison between cashflows from the Actuary and Gold Tool Source: 
Author ............................................................................................................................. 56 
Figure 32: Comparing the LPI curves with the Actuary rates Source: Author ............... 57 
Figure 33: Main checks (compares several parameters) Source: Author ...................... 58 









List of Tables 
Table 1: Risk distribution in DC scheme, Source: Broadbent, J., Palumbo, M. and 
Woodman, E. (2006) ......................................................................................................... 7 
Table 2: Risk distribution in DB scheme, Source: Broadbent, J., Palumbo, M. and 
Woodman, E. (2006) ......................................................................................................... 8 
Table 3: Types of hybrid schemes, Source: Author ........................................................ 10 

































UK United Kingdom 
LBP Liability Benchmark Portfolio 
DB Defined Benefit 
WAS Wealth Analytical Services 
SERPS State Earnings-Related Pension Scheme 
S2P State Second Pension 
RACs Retirement Annuity Contracts 
SIPP Self-Invested Personal Pension 
DC Defined contribution  
SSAS Small Self-Administered Schemes  
PV Present Value 
FPS Final Pensionable Salary 
FAE Final Average Earnings  
BAE Best Average Earnings  
CARE Career Averaged Revalued Earnings  
TPR The Pension Regulator  
OPRA Occupational Pensions Regulatory Authority  
PPF Pension Protection Fund  
TPAS The Pensions Advisory Service  
DWP Department of Work and Pensions  
HMRC Her Majesty's Revenue and Customs  
GMP Guaranteed Minimum Pension  
NAE National Average Earnings  
RPI Retail Prices Index  
CPI Consumer Prices Index  
TP Technical Provision  
SFO Statutory Funding Objective  
IAS19 International Accounting Standard 19  
FRS102 Financial Reporting Standard 102  
CMI Continuous Mortality Investigation  
LPI Limited Price Index 
IRP Inflation Risk Premium  
JY Jarrow Yildrum  
AWE Average Weekly Earnings  






This report is the Master final work for the Mathematical Finance Master´s degree in 
ISEG, based on a four months internship from 5th March to 4th July 2018 in Mercer 
(consulting firm). 
Mercer is a subsidiary of the global professional services firm Marsh & McLennan 
Companies, Inc with its headquarters in New York and is present in 44 countries. It is 
divided in three lines of business: Health, Wealth and Career. There is an additional area, 
the Wealth Analytical Services, which is where this internship took place. Mercer 
Portugal started in 1993 and has more than 480 employees in two offices, the main 
office in Lisbon (were the internship took place) and another office in Oporto. 
On this internship, I work with defined benefit (DB) pension schemes, an important type 
of pensions in the United Kingdom (UK) since most companies offered a DB pension 
scheme to their employees. A defined benefit pension scheme, also known as final 
salary, is a type of pension where the employer makes contributions into a trust account 
and must ensure there is enough money in the trust account to pay the employee a 
pension income. This pension income is determined by a formula, often based on the 
earnings, years of service and accrual rate of each member. The contributions made by 
the employer vary and are calculated in order to meet the benefits assumed in the 
scheme, so the risk is bearded by the employer. Although the number of DB pension 
schemes has been decreasing over time, mainly due to the risks and costs associated 
with this type of pension scheme, there are still several DB pension schemes which need 
to be monitored in order to guarantee the payment of all the benefits due to all the 
members of the scheme. In order to meet all these liabilities my job during the 
internship was to do an analysis on the sensitivities of the scheme´s liabilities i.e. 
calculate the increase or decrease of the liabilities from changes in the market 
expectation on future levels of inflation and interest rates. The purpose of this analysis 
is for the investment teams to be able to hedge the liabilities and therefore create a 
portfolio that will match the pension schemes sensitivity to changes in the inflation and 
interest rate. This is an important step to ensure that the benefits promised to each 
employee are meet on the time due. 
This report is divided in six chapters, first the introduction, then in the second chapter is 
a description on the company where the internship took place (Mercer). In the third 
chapter we will learn more about pension in the United Kingdom to have a general idea 
on the types of pensions available. The fourth chapter will look with more detail at the 
defined benefit occupational pension schemes: the main parties involved in this 
schemes and the actuarial valuation methods and assumptions. There is a description of 
the internship activities in the fifth chapter, where we will have a closer look at liabilities, 
its sensitivity analysis including the process and all the parameters. The sixth chapter 







This report is based on an internship carried out in Mercer Portugal, so in this chapter 
we will learn more about this company. It will present a brief history of the company, 
both internationally and nationally. We will explore its main goals and structure and 
strategy of the organization. 
 
2.1 History 
Mercer began in 1937 in Canada as a provider of actuarial and benefits consulting 
services by the name “William M. Mercer, Ltd” founded by William Manson Mercer. In 
1959, Marsh & McLennan acquired this company, which became a wholly owned 
subsidiary of Marsh & McLennan Companies, Inc and merged into the company´s 
employee benefits department with the new name “William M. Mercer” and 
headquartered in New York. Afterwards, it was renamed “Mercer Human Resource 
Consulting” in 2002.1 It is based in 44 countries with more than 23.000 employees. In 
Portugal, Mercer started in 1993 with an office in Lisbon and then a second smaller office 
in Oporto. In 2017, Mercer Portugal acquired Jason Associates, a talent management 
consulting company. It currently has 480 employees.2 
 
2.2 Mission, purpose and values 
The main goal at Mercer is to improve people´s lives by their ideas and actions and 
making a positive difference in more than 110 million lives around the world. Their 
purpose is to contribute to improving the tomorrow through the actions they promote 
today and that is why Mercer´s slogan is “Make Tomorrow, Today”.3  This 
complemented with Mercer´s mission of helping their clients to improve the career, 
wealth and health of their people is what unites all the employees to the same goal: 
“The Greater Good”. With this goal in mind, Mercer develop a series of values called the 
Mercer PRIIDE.4 
Passion – “to win and be the best at what we do”; 
Respect – “for diversity: listening to and collaborating with others”; 
Integrity – “in everything we do: knowing what is right and acting responsibly”; 
Innovation – “that anticipates our client needs and reshapes the marketplace”; 
Dedication – “to serving our clients with unparalleled quality and proven success”; 
 
1 https://en.wikipedia.org/wiki/Mercer_(consulting_firm) 






Empowerment – “to act like business owners and be accountable for our decisions”. 
These values represent the bedrock of Mercer´s four strategy imperatives: People, 
Clients, Company and Shareholders. 
 










2.4 Organizational Structure 
As a world leader consulting company, Mercer is structured by three main business 
areas: Health, Wealth and Careers. Mercer´s Health department advices their clients on 
benefits management, finds benefits solutions for small and medium-sized businesses 
as well as privates, deliver diagnosis, design and implementation of benefit policies. The 
Wealth division implements strategy definition, management structure, monitoring of 
investments and operational risk analysis of managers and banks. This department also 
provides defined benefit pension plans, defined contribution and hybrids. The third 
business area, Career, assists companies on management of skills and careers, 
remuneration policies and talent assessment. It also makes market studies on several 
areas like compensation, benefits and industry. 
Furthermore, Mercer has an excellence´s centre, the Lisbon Wealth Analytical Services 
(WAS), which operates in the Wealth business area and works for 14 countries in more 
than 40 different services [Mercer (2019g)]. In 2016 alone, this division had an impact 
on more than 2 million lives around the world (in Portugal, United Kingdom, Germany, 
Netherlands, Ireland and others). The Lisbon WAS is divided in two areas: Actuarial 
PURPOSE 
We make a difference in people´s lives 
“Make Tomorrow, Today” 
 
MISSION 











































Services and Financial & Administration Services. The first area works with post-
retirement benefits for both individuals and companies pension plans (individual 
actuarial calculations and actuarial valuations, respectively). The main responsibilities 
are data analysis and financial risk valuation. The Financial & Administration Services has 
three main operating areas. The Performance Monitoring team which has as main goal 
the delivery of performance monitoring reports for pension funds in several European 
countries, which includes value in the portfolio of fund managers, investment analysis 
and strategies. The Financial Monitoring area provides several services for the United 
Kingdom, Ireland and Brazil and is responsible for the benefit calculation of each 
member of the pension fund and the validation of existent data in the system. The third 
area is the De-risking team, which was where I had the opportunity to work during the 
internship. It is a recent team in constant expansion, which enables a continuous 
learning process, almost daily, not only for me as an intern, but also for the other team 
members. This team provides many services to the United Kingdom, mainly monitoring 
and modelling the financial level of pension fund and providing analysis on pension fund 
associated risk, as for example the inflation, interest rate and longevity. 
 
3. UK Pension Funds 
 
Throughout this internship, the tasks performed were around UK pension funds, more 
specifically defined benefit (DB) pension schemes. The main goal of this chapter is to 
provide a general understanding on how the pension work and what type of pensions 
there are in the United Kingdom. There are three main types of pensions in the UK: the 
State pensions, personal pensions and occupational pensions, which this report will 
address more deeply, as the activities performed in the internship were related to this 
type of pension. 
 
3.1 State Pension 
The main goals of a pension are to grant a decent life and avoid poverty in old age. The 
elderly are no longer capable of performing paid work, so the State should ensure a 
certain income proportional to the earnings of the individual while working. The first UK 
pension system was introduced in 1908 by the Old-Age Pension Act 1908. This was a 
non-contributory pension system bore by the working population. Under this act, 
people would receive 5 shillings per week and in order to be eligible they should be over 
70 years old, earn less than 31 pounds and 10 shillings per year, live in the UK for at least 
20 years, worked their entire lifetime and even had to pass a “character test”.5 Then 
came the Widows', Orphans' and Old Age Contributory Pensions Act 1925, the first 
contributory state pension system funded by the employees and employers. After the 






the National Insurance Act 1946 and introduced in 1948. Under this legislation, the 
working population must pay a contribution every week (called the National Insurance 
contribution) and were entitled to several benefits, for example unemployment and 
sickness benefit and more important a pension when they reach retirement [Bozio, A., 
Crawford, R. and Tetlow, G. (2010)]. However, the contributions made by the individual 
while working are not linked to his/her own future pension, as this contribution are used 
to finance the present pension benefits to the retired. The men born before 6th April 
1951 and the women born before 6th April 1953 are entitle to the basic State Pension, 
whereas if they were born after those dates, they can claim the new State Pension.6 The 
initial pension amount is based on the individual´s National Insurance contribution 
history and not on their earnings. For an individual to be eligible to a full pension, it is 
required at least 30 qualifying years of National Insurance contribution in the basic State 
Pension and 35 in the new State Pension [The Pensions Advisory Service (2019b)]. When 
people don´t have those qualifying years required, they will receive a lower pension 
amount based on their National Insurance contributions. The full pension amount is set 
by the Government annually in April and it is currently £129.20 and £168.60 per week 
(between 8 April 2019 and 5 April 2020) for the basic and new State Pension, 
respectively [The Pensions Advisory Service (2019a)]. In addition to the Basic State 
Pension, there is the Additional State Pension which provides a supplementary pension 
income to the Basic State Pension and was also replaced after 6th April 2016 by the new 
State Pension. The current additional pension state scheme is the State Second Pension 
(S2P) which was introduced on 6th April 2002. There have been two different schemes 
prior to the S2P. The first scheme was the Graduated Retirement Benefit which was 
presented on 6th April 1961. It was replaced on 6th April 1978 by the State Earnings-
Related Pension Scheme (SERPS) which preceded the current scheme (S2P). The 
Additional State Pension is not mandatory, so individuals can contract out, which means 
that they can choose not to participate in this component of the State Pension. However, 
they are only able to contract out if they have another additional pension as a personal 
pension or an occupational pension scheme [GOV.UK (2019)].7 
 
3.2 Personal Pension  
The personal pension plans are a good choice for individuals who are self-employer or 
when companies don´t have a pension scheme for their employees. Also, these plans 
are open to individuals who are unemployed and if they are employed their employer 
can make contributions too. The personal pension plans were introduced on 1st July 
1988 and replaced the Retirement Annuity Contracts (RACs). These individual contracts 
were available to those in self-employment or to those in employment which didn´t 
have a company pension plan. The purpose of the RACs is to build a retirement benefit 
for those individuals by buying an annuity from a pension provider, generally an 
insurance company. After 6th April 2006, when the HM Revenue & Customs approved a 







almost all their special features.8 The personal pension plans are a type of defined 
contribution arrangement where individuals make contributions to a chosen provider, 
usually an insurance company, but also by independent providers as for example a 
banks, investment organisations, some retailers or building societies. These plans are 
available to any individual who is under 75 years old and can retire at any age after 55 
(depending on the plan restrictions). They can usually take up to 25% of their pension 
pot as a tax-free lump sum and can use the rest of the pot to buy an annuity from an 
insurance company [Mercer (2019c)]. There are several types of personal pension 
schemes. Some examples are the Stakeholder pension scheme, the Group personal 
pensions and the Self-Invested Personal Pension (SIPP). The Stakeholder pension 
scheme was introduced by the Welfare Reform and Pensions Act 1999 on 6th April 2001 
and it is a type of defined contribution scheme that must meet some rules set by the 
Government, which include flexible and low minimum contributions, a default 
investment fund, limited charges and charge-free transfers.9 Even though it is a personal 
pension scheme, the employers can offer it to the employees and in some situations, 
they are required to do so [Money Advice Service (2019a)]. Another type of personal 
pension that the employers can provide to their employees is the Group personal 
pensions, however it is still an agreement between the employee and the pension 
provider. As this is a pension plan with a group of employees, the employer can 
negotiate a discount on the pension provision costs, which might result in lower charges 
when compared with an individual personal pension.10 If individuals prefer to have more 
control over the investment decisions, they can choose a Self-Invested Personal Pension 
(SIPP). The SIPP is similar to other personal pensions but gives individuals the freedom 
and flexibility to manage their investments or to choose an investment manager to make 
the investment for them.11 Still, this type of personal pension is more recommended to 
individuals with experience in financial market [Money Advice Service (2019b)].  
 
3.3 Occupational Pension 
Company Pension schemes, more commonly known as Occupational pension schemes, 
are pension schemes that the employers set up to provide their employees with pension 
benefits, usually by arranging a pension trust fund managed by trustees or even hand 
over to an insurance company. These plans can be non-contributory, when the 
employers are the only ones that can make contributions to the fund and the employees 
are not allowed to, or they can be contributory, when the employees can make their 
own contributions to the fund, in addition to the contributions of the employers. The 
types of occupational pension schemes are the Defined contribution (DC) and Defined 
benefit (DB) schemes which will be explored in more detail in this section. There is also 
a third type called the hybrid schemes which are a combination of both defined 









3.3.1 Defined contribution schemes 
Nowadays, as most defined benefits schemes are closed to new members due to the 
costs and risks associated to the employer, the majority of employers are offering a DC 
scheme, also known as money purchase schemes, to their employees, thus decreasing 
their risk exposure. Under this type of pension scheme, the employee and employer 
make a fixed contribution defined by the plan (usually a proportion of the employee´s 
salary) to an account usually known as pot. Then the employees can choose different 
investment options with different risk levels, depending on their risk tolerance, 
therefore the risk is supported by the employees. The employer only assumes legal risks 
whereas the employee bears most of the risks, including inflation, longevity and 
investment risk [Mercer (2019c)]. The following table shows the risk distribution in a 
defined contribution scheme: 




Market timing Employee 
Employer insolvency DC schemes are always fully funded 
Salary replacement risk Employee 
Legal risk Employer 
                               Table 1: Risk distribution in DC scheme, Source: Broadbent, Palumbo and Woodman (2006) 
The pension benefits will depend on the contributions made by both the employer and 
employee, the investment choice and how this investment performed over time. This 
causes the amount of the pot that the employee will receive on retirement to be difficult 
to predict thus no actuaries are required, the scheme is always fully funded and the 
contributions made to the pot are the only certainty in this type of pension. The diverse 
investment options available for the member to invest are chosen by the scheme 
trustees, typically with the help of professional advisers. These investment options 
range from low risk (gilts and bonds) to high risk options (equity funds). At retirement, 
the individuals will use the pot to buy a pension benefit, known as an annuity, and they 
can choose the kind of benefits the pension includes, for example death benefits, which 
will affect the amount of pension the individuals will receive. A particular type of a DC 
scheme is the Small Self-Administered Schemes (SSAS). This plan is usually for a small 
group of members, for example the company´s directors and the senior partners, usually 
with a group up to 11 members and one important distinction of a SSAS is that those 
members should all be trustees. This type of scheme allows members to choose where 
to invest the contributions and since it has many exceptions from the pension legislation 
that is applied to other schemes, the range of investment choices are wider and has less 






3.3.2 Defined benefit schemes 
Although most defined benefit (DB) schemes are close to new entrance, there are still 
many schemes in operation (over 6,000 in 2015).12  
The DB schemes are set up under a trust, supervise by trustees, so it is independent to 
the employing firm. This type of schemes, also known as final salary schemes, promise 
to pay a pension income to their members based on a benefit formula and employers 
have to guarantee that the amount of money in the trust account is sufficient to meet 
all the liabilities. This pension often includes additional benefits such as death benefits 
to the spouse, increases in payment and disability benefits.  
The employer and employee make contributions to this trust account which may change 
in case the contributions don´t meet the benefits the plan assumes. Each employee 
doesn´t have its own pot, like in the defined contribution plans, instead it is all mixed 
together in the same trust account due to the fact that pension income is not explicitly 
determined by the contribution but by a formula (Equation 1). For this reason, an 
actuary is required in order to forecast the amount of pension the members will get 
upon retirement and calculate its present value (PV) to estimate the funding level. If the 
scheme is underfunded (when there are less assets than liabilities), the employer will 
need to increase the contributions to the trust account. Whereas if it is overfunded 
(when there are more assets than liabilities), the employer can decrease the 
contributions [Mercer (2019c)]. As a result, the employer bears most of the risk 
associated with DB schemes, although the employee also bears some risk such as the 
inflation risk and in case of insolvency of the company. The table below shows the risk 
distribution in a defined benefit scheme: 




Market timing Employer 
Employer insolvency Employee/Taxpayers 
Salary replacement risk Employer 
                               Table 2: Risk distribution in DB scheme, Source: Broadbent, J., Palumbo, M. and Woodman, E. 
(2006) 
The most common benefit formula used to calculate the annual pension income is based 
on the following factors: 
• Pensionable service – the period of service allowed in the calculation of the 
scheme benefits, depending on the plan´s rules; 
• Final Pensionable Salary (FPS) – based on the employee final salaries (depends 
on the scheme’s rules); 
• Accrual rate – the percentage of income the employee will receive (usually 






Mathematically, the formula can be presented as: 
 𝑃𝑒𝑛𝑠𝑖𝑜𝑛 = 𝑃𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑏𝑙𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 ∗ 𝐹𝑃𝑆 ∗ 𝐴𝑐𝑐𝑟𝑢𝑎𝑙 𝑟𝑎𝑡𝑒. (1) 
   
As said above, there are different benefit formulas that can be provided with different 
rules and different definitions to each factor. The most common are: 
• Final Average Earnings (FAE) – average of the employee final years of salary 
(usually the last three or five years, when the salary is higher); 
• Best Average Earnings (BAE) – average of the highest salaries from a certain 
number of years; 
• Flat Amount – based on a fixed amount for each year of pensionable service. 
To avoid the costs and risks associated with DB schemes, there are more and more 
employers offering DC schemes, where a weak investment return will result in a smaller 
pot for the employee. However, if the employers want to provide better retirement 
benefits to their employees another alternative is the Career Averaged Revalued 
Earnings (CARE). It is similar to a DB plan but is less expensive for the employer. A CARE 
scheme provides the employee a pension income based on the average of all its salaries 
adjusted for inflation over the pensionable service period. It usually provides a lower 
pension income than the final salary pension [The Pensions Advisory Service (2019d)]. 
The employees prefer DB over DC schemes, because it provides them a certain amount 
of pension benefits at the retirement age without assuming any investment risk. The 
downside of this type of plan is that it has a great costs for the employer who needs to 
increase the contribution in case the investments underperform and the fund cannot 
meet the liabilities. The employers have had to pay a vast amount of additional 
contribution in recent years.  
While there are still operational DB schemes, even when closed to new entrance, there 
is the need to hedge the liabilities against the risks associated, in the case of this report, 
changes in the inflation and interest rates. Further on, we will have a closer look on how 
to calculate the changes on liabilities against movements in the expected future level of 
inflation and interest rates, an important step so that the investment teams can built a 
portfolio which will closely match the sensitivities of a pension fund to changes in these 
factors [Mercer (2019a)]. 
 
3.3.3 Hybrid schemes 
Another kind of occupational pension is the hybrid scheme which is a mix of 
characteristics from both DC and DB plans. Unlike the DC and DB schemes where the 
employee and employer, respectively, bear the risk, in a hybrid scheme they can share 
the risk between them. The most common type of hybrid scheme is the cash balance 
plan, which is very similar to a DC schemes, however for legal purposes it works as a DB 
plan. The employer makes contributions to an individual pot of each employee and at 
retirement they will receive a lump sum to buy an annuity like in a traditional DC plan. 




the employer will offer some guarantees if the investment returns are less than the 
minimum level, thus reducing the investment risk faced by the workers [The Pensions 
Board (2007)].  
Other types of hybrid plans are described in the following table [The Pensions Board 
(2007)]: 
Types of hybrid plans Description 
Underpin arrangements The pension benefit the employee will 
receive is based on the calculation that 
provides the best benefit. It can be 
predominantly DC or DB scheme depending 
on the plan. 
Final salary lump sum schemes Similar to a DB scheme, but instead of a 
pension at retirement, employees will 
receive a lump sum. This amount can be 
forecast (proportion of final salary), but the 
annuity the employee can buy is difficult to 
predict (depends on market conditions at the 
time). This will remove the longevity risk 
from the scheme. 
Fixed benefit/benefit unit schemes Similar to a DB scheme, but not linked to 
earnings. Every year the employee accrues a 
fixed amount of annual pension which is 
based on the contribution made and the 
remaining period to retirement. The 
employee will receive at retirement the total 
amount of pension set up every year. 
Self-annuitising DC schemes Similar to a DC scheme, but at retirement the 
scheme pays a pension income to the 
employee, which is not based on market 
conditions, but according to the rules 
established by the scheme. The benefits are 
easier to forecast but will depend on how the 
investments return. 
Combination hybrids The employee will accumulate two types of 
benefits at the same time, usually for the first 
fraction of income a DB and then a DC for 
any earning exceeding that amount. 
Table 3: Types of hybrid schemes, Source: Author 
Amongst the range of hybrid plans there are more complex schemes, for example a 
combination of several hybrid schemes, like a self-annuitising cash balance scheme.  
The hybrid scheme is a good alternative to employers that want to reduce their risk 
exposure, because it divides the risk between employer and the employee by combining 





4. Defined Benefit pension schemes 
 
Even though in the previous chapter there is an introduction on DB schemes and its main 
features, since the activities of the internship were around this type of pension, this 
chapter will deepen the knowledge on DB schemes by looking at the institutions and 
people involved as well as the methodologies and assumptions of an actuarial valuation, 
which is an important step because not only it estimates the liabilities, but also estimates 
the expected future cashflows required to analyse the sensitivity of the liabilities to 
changes in the interest and inflation rate. 
4.1 Responsibilities and roles  
This section describes the key parties who are involved with the management and 
administration of a DB scheme both the people and the institutions [Mercer (2019c)]. 
4.1.1 People  
▪ Employee/member – individual which is employed by the employer under an 
employment contract and becomes a participant when it starts to participate in 
the pension plan. The participant doesn´t need to be working in the company, it 
could be a former worker which is entitled to the pension benefits. In case of 
death of the participant, the pension benefits will be received by the beneficiary. 
▪ Spouse – person who is legally married to the member of a pension fund. The 
spouse is usually the beneficiary of the participant. It is considered a surviving 
spouse the individual who is married to the member at the time of death. When 
the spouse has been married to the member for a short time the scheme might 
exclude the surviving spouse, depending on its rules. 
▪ Employer – individual who provides a pension scheme to their employees and 
sponsors it and is required to fund the scheme and make the necessary 
contributions. 
▪ Administrator – person who manages the daily tasks and the strategy choices of 
a pension scheme and administers it. The administrator has to inform the 
employers of their responsibilities and rights as well as provide them the 
necessary documents and information. The administrator is in charge of paying 
the pension benefits to the pensioners and beneficiaries as it is the only who can 
authorize payments from the trust. Another responsibility is making sure the 
contributions are being made to the fund and guarantee suitable asset allocation 
decisions. 
▪ Trustee – individual or company that is in charge of managing the trust and 
ensures the pension plan operates correctly under the regulation and specific 
rules of the scheme. By law, most DB schemes in the UK are required to be 
arranged as a trust. The trustee acts separately from the employer and ensures 
the contributions made by the employer are enough to cover the future benefits. 
The trustee should always be honest, impartial, prudent and act in the best 




responsibility is to hold the assets in the trust and supervise the investment 
portfolio and by law must assign advisers, like actuaries, investment managers 
and auditors [Marcaillou, P. (2016)]. 
▪ Actuary – professional who advises the trustees and employers on all aspects of 
the funding of the pension scheme. The actuaries provide a triennial actuarial 
valuation report, which sets a value on the liabilities of the scheme and will be 
compared with the amount of assets, to enable an arrangement between the 
trustee and employer on the amount of present and future contributions that 
should be made to meet the liabilities, after accounting for any deficit or surplus. 
They should also advise on all important decisions and implication related to the 
scheme funding as well as approve the calculation of technical provision and the 
schedule of contributions. Another responsibility is estimating the transfers out 
and the member benefits on transfers in of the pension plan. 
▪ Investment manager – individual or company chosen by the trustees to advise 
them on all the investments of the pension fund.  
▪ Auditor – most pension schemes must have an auditor chosen by the trustee, 
which can be an individual or company, to provide a statement about the 
contribution made to the scheme and audit the accounts of the scheme. 
▪ Lawyer – individual who advises the trustee on legal issues that might occur on 
the pension scheme. 
4.1.2 Institutions  
▪ The Pension Regulator (TPR) – institution that regulates the workplace pension 
schemes. It ensures the employers provide a pension plan to their employees 
and make the required contribution. On 6th April 2005 it replaced the 
Occupational Pensions Regulatory Authority (OPRA) and was established under 
the Pension Act 2004. Its main goals are: reduce the risk of resorting to the 
Pension Protection Fund (PPF); develop a better understanding of a good 
management of a workplace pension plan; protect the benefits of members; 
ensure the maximum compliance by the employers on their duties. It collects 
information annually on pension schemes to identify those that represent a 
major risk to the benefits of the members and helps these schemes to reduce 
the risk by increasing the liabilities and assets management [Marcaillou, P. 
(2016)].  
▪ Pension Protection Fund (PPF) – introduced by the government on 6th April 2005 
under the Pension Act 2004 to protect the benefits of member. In case of 
insolvency, it compensates the eligible members of defined benefits pension 
schemes, which promotes the confidence in pension schemes. It is funded by 
annual levies from all DB schemes. It is also responsible for the Fraud 
Compensation Fund, which protects and compensates members who lose their 
retirement benefits in case of fraud.13 
▪ The Pensions Advisory Service (TPAS) – independent non-profitable institution 






information and guidance on all types of pension (state, personal and 
occupational pensions). The TPAS also provides insight to the industry and 
government in order to support the development and improvement of pension 
policies. It is run by a group of experience volunteers and is grant-aided by the 
Department for Work and Pensions [The Pensions Advisory Service (2019e)]. 
▪ Department of Work and Pensions (DWP) – a department of the UK 
Government established on 8th June 2001 which is in control of the pension and 
welfare policy. It is divided in four operational institutions: Jobcentre Plus; 
Disability and Carers Service; Child Maintenance Group; Pension Service which is 
responsible for the calculation and payment of state benefits. The administrators 
of pension schemes are in constant contact with this department to settle the 
Guaranteed Minimum Pension (GMP) payable to the members who retire, die or 
transfer out.14 
▪ Her Majesty's Revenue and Customs (HMRC) – non-ministerial department of 
the United Kingdom Government15 formed on 18th April 2005 by the merger of 
the Her Majesty's Customs and Excise and Inland Revenue. It has many 
responsibilities such as collecting taxes, the payment of state support and 
manage other regulatory norms like the national minimum wage. For pension 
schemes it established the detailed regulations which includes: the payments 
that will get tax exemptions and how the payments are taxed; the upper limits 
of benefits and contributions. 
 
4.2 Actuarial Valuation 
An actuarial valuation is very important on DB schemes and must be provided at least 
every 3 years. It estimates the present value of future benefit payments (liabilities) 
which is then compared with the current market value of assets to schedule the 
contributions and to find the funding position of the scheme. It can be indicated by the 
funding level, which is the ratio between the assets and liabilities of the scheme or by 
subtracting the assets to the liabilities thus having a deficit or surplus. If the scheme is 
not fully funded the trustee must provide a recovery plan, which will establish the 
amount of money that should be paid into the fund, within 15 months of the valuation 
date and it should be agreed with the employer in most cases. There are several 
valuations methodologies that usually generate different funding positions and the 
employer and trustees have to choose the approach they wish to achieve depending on 
their strategy and objective. These methodologies will be explained in more detail on 
the next section [Mercer (2018c)].  
There usually are three types of member in a pension schemes which the actuary needs 
to consider [Marcaillou, P. (2016)]: 
▪ Active member – employee that is currently working in the company and is still 







▪ Deferred member – former employee which is no longer contributing to the 
scheme and hasn´t reached the retirement age, so doesn´t receive benefits yet. 
▪ Pensioner member – member who is already retired and is receiving retirement 
benefits. 
Most DB schemes don´t have active members since most of them are closed to new 
entrance and the new employees should be on other type of pension scheme. 
The set of cashflows the actuary estimates are usually combined in tranches with the 
same increases and not by member. Each status receives a different type of indexation 
before payment which has to be considered when estimating the future cashflow 
payments. The various types of indexations that the benefits of members are subject to 
are illustrated in Appendix 1. 
Although in Appendix 1 shows four different indexation periods, in practice to represent 
the benefits of members it is usually required a maximum of three different types of 
indexation. This is due to the fact that one or more of these periods are not applicable 
or merged together, depending on the members´ status.  Below there is a table that 
summarizes the different types of indexation for each status: 
 Period 0 Period 1 Period 2 Period 3 
Active 
members 
Not applicable Future revaluations before 
decrement (salary increases), 
specified by length of t1. 
Future revaluations in the 
period from decrement to start 
of payment (deferred 
revaluations). Applicable over 






Historic revaluations since 
date of leaving to now, 
specified by th. 
Future revaluations from now 
to start of payment, specified 
by length of t1 
Not applicable: period t2 should 




These two periods are merged together for increases 
subject to caps/floor that apply cumulatively over the period 
since date of leaving to start of payment (t1 + th) 
Pensioners Not applicable Future GMP revaluations 
from now to start of payment, 
specified by length of t1 
Not applicable: period t2 should 




Table 4: Indexation periods by member, Source: Mercer (2018d) 
The scheme´s rules define the type of revaluation and pension increase the benefits will 
receive, however there are minimum increases that the pension schemes have to 
provide which were introduced by several legislations, for example the Pension Act 
1993, 1995 and 2004. Although the pension scheme can offer greater increases than the 
ones established by the legislation. The DB schemes for members who contract-out of 
the State Earnings-Related Pension Scheme (SERPS), the previous Additional State 
Pension, between 6th April 1978 and 6th April 1997, are required to receive a minimum 
amount of pension known as Guaranteed Minimum Pension (GMP). Within these dates 
there is a distinction on how the GMP is calculated between the period prior to 5th April 
1988 and after that date due to changes in the rules [Thurley, D. (2018)]. There are 
different statutory minimum requirements for revaluation of deferred pensions and 
pensions in payment.  For deferred pensions that accrued before 6th April 1997 there 




▪ Fixed rate – a nominal rate not linked to inflation which depends on the date of 
leaving. 
▪ Section 148 orders – the S148 orders, previously known as Section 21 orders, 
increases in line with the National Average Earnings (NAE) index. 
▪ Limited Revaluation – in line with S148 increases but limited to 5% per annum 
(p.a.) for leavers before 6th April 1997. 
Deferred pension benefits also revaluate in excess to GMP, depending on the date of 
leaving. Before 1st January 1986 there is no statutory revaluation requirement, called 
Non-Revaluing Excess. After that date and until 1st January 1991, pensions revaluate in 
line with inflation prices, Retail Prices Index (RPI) or Consumer Prices Index (CPI), or 5% 
p.a. whichever is lower, called Revaluing Excess. Between 1st January 1991 and 5th April 
2009 pensions also revaluate in line with inflation prices (RPI or CPI) or 5% p.a. whichever 
is lower. After 6th April 2009 under the Pensions Act 2008 pensions revaluate in line with 
inflation prices (RPI or CPI) or 2.5% per annum [Barnett Waddingham (2019)]. These 
three last increases are commonly known as Section 52a orders or also Section 84 
orders. Under the Pension Act 2011, on 6th April 2011 the basis of the statutory minimum 
requirement switches from RPI to CPI. The pension revaluation in deferment describe 








The figure below shows three examples of how pensions revaluate in excess to the GMP 
for different leaving dates: 
            Figure 3: How pensions revaluate Source: Mercer (2018c). 




Member C leaves after 1st January 1991 so all benefits will revaluate in excess to GMP. 
If the member leaves before 1st January 1986, like member A, the pension is not subject 
to revaluation. In the case of member B who leaves between those dates, the pension 
will revaluate in excess to GMP after 1st January 1985, but prior to that it will not 
revaluate. All of these revaluations are the statutory minimum, some schemes can 
provide more favourable benefits for members and so revaluating all pension for any 
leaving date. If the scheme provides the statutory minimum requirements, it is expected 
for members who left before 1st January 1991 to have a component of non-revaluation 
pension.  
The DB schemes are also required by legislation to provide minimum increases to 
pension in payment. The GMP for pension increases between 6th April 1988 and 5th April 
1997 is in line with inflation prices cap at 3% p.a. and before that date doesn´t have a 
statutory minimum requirement so it is usually a fixed 0% rate. The Revaluing excess 
and Non-Revaluing excess (before 5th April 1997) are specific to each scheme and don´t 
have a mandatory increase. Under the Pension Act 1995 between 6th April 1997 and 5th 
April 2005 the pension in payment increase in line with inflation prices cap at 5% per 
annum [Expert Pensions (2019)]. This cap was reduced to 2.5% for pension earned after 
6th April 2005 under the Pension Act 2004. Below there is a figure that illustrate the 
above: 
Figure 4: Pension in payment Source: Mercer (2018c) 
It is very important to understand the way the pension revaluates and increases when 
modelling the calculations for the sensitivities of the liabilities. This is explained in more 
detail in the next section.  
 
4.2.1 Valuation methodologies 
There are five types of valuation methodologies carried out by the actuaries which 
provide different funding ratios [The Pensions Regulator (2018)]: 
▪ Technical Provision (TP) – it is used to measure the liabilities of the scheme and 
check if the assets cover the benefits promised. This method is used for 




Objective (SFO) or Funding valuation. The trustees used it to monitor the funding 
position of the scheme and schedule the contributions of the employer. The 
trustees also have the responsibility to guarantee the calculations use in the 
valuation are carried out prudently. The actuaries usually use in the calculation 
the same discounting rate for all the cashflows no matter the payment date. This 
discount rate is often higher compared with other methods because it is added 
an out-performance margin, which corresponds to the risk of the employer, to 
the risk-free rate i.e. gilt plus margin. Consequently, the liabilities will be lower. 
This method is the most commonly used for measuring the sensitivities of the 
liabilities during the internship. 
▪ Accounting valuation (IAS19) – International Accounting Standard 19 (IAS19) or 
Financial Reporting Standard 102 (FRS102) valuation is required to be used by 
the employer to measure the liabilities of the scheme for the purpose of annual 
reports and accounts. It typically uses current yields on high corporate bonds as 
AA rate bonds to calculate the liabilities, not considering how the assets are 
invested by the scheme´s trustee and using a single equivalent discount rate 
based on the duration of the cashflows. The main goal of this method it to allow 
to compare the liabilities of the pension scheme between companies thus the 
measurement basis is equal to all firms which is set by the relevant accounting 
standards. 
▪ PPF buy-out/section 179 basis – this method, known as Section 179 of the 
Pension Act 2004, is used to estimate the funding required to assure the PPF 
levels of compensation. It calculates the amount of levy that all schemes eligible 
for the protecting of PPF must pay and notifies the PPF7800 index, which defines 
the estimated funding position every month for all eligible schemes. The PPF will 
take over the fund in the event of insolvency of the company or when the assets 
cannot cover the PPF compensation levels, however this is unlikely for most 
schemes. The assumptions used in this method are the same for all schemes and 
are defined by the PPF. These assumption are set to closely match the cost of 
transferring the value of PPF levels of compensation to an insurance company at 
the date of valuation in case the scheme is takeover by the PPF. 
▪ Insurance buy-out (Section 75) – this valuation method estimates the amount 
of money required to transfer the liabilities to an insurance company. Most 
schemes don´t have the necessary funding to immediately transfer all its 
liabilities to an insurance company which is not legally required. However, some 
plans might adopt a de-risking strategy and transfer liabilities gradually to an 
insurer, mainly the schemes which are closed to new entrances or close to 
accrual. When a buy-out occurs, the insurance company has the responsibility to 
pay all the promised benefits to the member of the scheme. The insurance 
companies buy low risk assets (high corporate bonds and gilts) to match the 
liabilities. This method calculates the liabilities with lower discount rates 
compared with the Technical Provisions method, usually doesn´t add a margin 
to the interest rate, which will cause the liabilities to be higher. In addition to 




companies also have to provide profits to their shareholders. Therefore, buying-
out all the benefits is very expensive. 
▪ Self-sufficiency – under this method the dependence of the scheme to the 
employer is very low. The investment strategy is usually similar to those made 
by the insurance companies in case of buy-out (low-risk strategy), except it 
doesn´t consider the minimum solvency requirements and the profits to the 
shareholders like the insurance companies. This method might be seen by large 
schemes as more cost-efficient compared to a buy-out approach with an 
insurance company. The pension schemes are expected to be sustainable when 
they achieve a self-sufficient level, simply by maintaining a low-risk investment 
strategy with no need for extra contributions by the employer. 
 
4.2.2 Actuarial assumptions 
In order for the actuaries of the scheme to perform the actuarial valuation they need to 
establish several assumptions. Defining these assumptions is a very important step to 
understand the condition and the funding position of the scheme required for trustees 
to schedule future contributions. The actuarial assumptions are divided in two groups:  
 
Demographic assumptions - related to the participation of the members in the pension 
scheme i.e. how long will they receive pension benefits. This kind of assumptions are 
described below [Deloitte (2017)]: 
▪ Mortality – the actuaries use mortality tables to estimate the probability of 
death of the members for each year. In the UK, most schemes use the 
Continuous Mortality Investigation (CMI) tables. These mortality tables should 
reflect the profile of the members.  
▪ Withdrawal rate – the expected probability of members to leave the pension 
scheme in each year. A higher withdrawal rate will cause a reduction on the 
liabilities, since the pension benefits of the members is no longer subject to 
salary increases. 
▪ Proportion married – the actuaries assume that around 80% to 90% of members 
are married, so in the event of their death the spouse is eligible to a fraction of 
their pension (in most schemes it is half of the pension benefits). 
▪ Ill-health retirement – members that are not able to work due to mental or 
physical illness, can receive their pension benefits before retirement age. 
▪ Commutation – option that the members have to exchange a portion of their 
pension for a free-tax lump sum. The allowance for commutation causes a 
reduction in the liabilities. 
▪ Transfers out – some members might choose to transfer their benefits out of a 
DB scheme to another pension scheme.  
Economic assumptions - associated to the future economic rates such as the following 
[Deloitte (2017)]: 
▪ Discount/interest rate – this assumption is used to discount the future payment 




redemption yields on high quality corporate or government bonds, as well as the 
return of assets that the scheme holds to fund the expect future investment 
profits and future benefits. There are different methods to estimate the discount 
rate. The discount rate is usually defined in relation to gilt curves plus a margin, 
which represents the outperformance of risk-seeking assets that the scheme 
holds. Most schemes use a dual discount rate, which applies a different rate for 
pre-retirement and post-retirement discounts. Typically, the pre-retirement 
discount rate is higher than the post-retirement rate. Other approach is when 
the discount rate is based on a yield curve instead of a single discount rate. This 
method allows to discount the project cashflow payments with a different rate 
for each year which is considered to be more accurate in theory than the single 
or dual discount rate and in recent years has been adopted by many schemes. 
▪ Inflation – it is used to project the increase of future cashflow payments, though 
revaluation in deferment, salary or pension increases. In a pension scheme, most 
benefits are linked to the inflation prices, such as the Retail Prices Index (RPI) or 
the Consumer Prices Index (CPI). The RPI inflation can be measured by the 
difference between the nominal yields on fixed gilts and real yields on gilts linked 
to RPI. This method cannot be used to measure the CPI inflation because there 
are no gilts linked to CPI. So, it is usually estimated by subtracting a margin to RPI 
inflation. The CPI inflation is often lower than the RPI inflation by 0.7% to 1.0%. 
An increase in the inflation rate will cause a rise in the projected cashflow 
payments and therefore an increase in the liabilities. 
▪ Salary increase – this assumption indicates the long-term wage of the active 
members expected by the employer. It is usually specific for each scheme and 
defined by an agreement between the employer and trustee. It is often linked to 
RPI inflation plus a margin which can historically range between 0.5% to 1.5% 
 
5. Liability sensitivity analysis 
 
Undoubtedly, DB pension schemes are very risky for employers since they promise their 
members a certain amount of pension benefits on retirement, which results in a great 
uncertainty for the employers (contributions to the scheme) and the trustees (ensure 
the security of pension benefits), since they need to make sure the assets cover the 
liabilities of the scheme. Even if the scheme is fully funded, the liabilities are very volatile 
and suffer significant changes over time, so the funding level will also differ. 
Consequently, the trustees are opting for a new investment strategy, the Liability 
Benchmark Portfolio (LBP) approach. An LBP is a portfolio of low-risk investments (gilts 
or high-quality corporate bonds) which are expected to closely match the sensitivity of 
a pension scheme to fluctuations in interest and inflation, thus decreasing the risk. It has 
two main elements: the expected benefits payment in each year, which implies the 
interest rate sensitivity of the liabilities (cashflow profile) and the inflation sensitivity of 




rates. It is not built to account for other factor that can influence the liabilities, as for 
example changes in the longevity of the members (an increase in longevity causes an 
increase in liabilities, because members will receive a pension for longer time). In order 
to create an LBP, the trustee needs to invest in assets which match the sensitivity of the 
pension scheme´s liabilities.  
My task during the internship was to provide an analysis on how the liabilities change 
against fluctuations in market expectations for the future levels of inflation and interest 
rates required for the LBP investment approach. In this chapter, there is a deepen 
explanation of liabilities and risk measures and then a description of the process for 
analysing the sensitivities of liabilities.   
 
5.1 Liabilities 
For the trustees, the liabilities are very important to estimate the funding level, which 
indicates the proportion of the liabilities that are covered by the scheme´s assets, to 
ensure that there is enough money at the present to pay the promised benefits in the 
future. It is important to understand how the liability of a pension scheme is estimated. 
This task falls on the scheme´s Actuary and it is composed of two main steps. The first 
step is to project the future payments. As the future benefits are defined by the pension 
plan, it is possible to forecast the future payments of the pension scheme. By 
considering the benefits promised by the scheme plan and the actuarial assumptions 
(like the inflation) the Actuary can estimate the annual payment of the scheme. After 
this, the Actuary needs to calculate the present value of the future payments, which is 
the second step. This present value is calculated by using a discount rate, usually a low-
risk government bond yield (gilt) plus a margin (as mentioned previously in the economic 
assumptions), which will discount the future cashflows of a pension scheme and will 
determine the amount of money needed at the valuation date to cover the cost of the 
future payments [Insight Investment (2019)]. The present value (liability) is calculated 
by the following formula: 







o 𝐶𝐹𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑡𝑢𝑟𝑒 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑖𝑡  𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑇 𝑖𝑠 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑦𝑒𝑎𝑟 
Looking at the formula above, it is easy to understand how the liabilities are changed by 
variations in the discount rate, which is known by the interest rate risk. If the discount 
rate decreases, the liability will rise which means that trustee needs more money to 
ensure the promised benefits. The reverse happens when the discount rate increases, 
causing a fall in the liability which can be good for the trustee as the amount of assets 




is illustrated in figure 5, which shows how a decrease in the discount rate from 3% to 2% 
will cause a rise in the present value but will not change the projected future cashflows. 
 
The interest rate risk will not cause a change in the future projected payments, however 
the inflation risk will cause a change in both the present value and the future projected 
cashflows. As a proportion of the scheme´s benefits is linked to the inflation, a change 
in the inflation rate will affect the amount of projected cashflows estimated by the 
Actuary. So, a rise in the expected level of future inflation will cause an increase in the 
projected future payments and consequently a rise in the present value. The opposite 
occurs in the case of a decrease in the inflation rate [BMO Global Asset Management 
(2017)]. The following figure shows this change assuming that the discount rate remains 
unchanged. 
Figure 5: Inflation rate risk Source: Mercer (2017) 




5.2 Risk measures  
It is important to know why and how the liabilities change with fluctuation of the interest 
and inflation rates to understand the need for a sensitivity analysis of a pension scheme 
liability. In fact, those fluctuations can cause significant changes in the liability which will 
increase the risk of not being able to pay the benefits promised to the pension plan´s 
members. The liabilities can be separated into groups. The nominal are the liabilities 
that are only linked to changes in the interest rate, also known as fixed. The real are the 
liabilities linked to both the interest and inflation rate, also known as index linked. 
Therefore, it is essential to estimate how the liabilities will change with those 
fluctuations and there are several risk measures that can be calculated to indicate how 
sensitive the liabilities are [Mercer (2018b)]. The risk measure used are the following: 
▪ Duration – it indicates how the liabilities will change due to a shift in the interest 
rate, expressed in years, but can be used as a percentage. For example, if the 
interest rate increases 1% on a liability with 20 years duration, then the liability 
will fall 20%, where 20 is the value of the duration (as seen previously an increase 
in the interest rate will result in a decrease of the present value and vice-versa). 
So, a higher duration will mean a bigger sensitivity of the liabilities to shifts in the 
interest rate. It is also known as the average term to payment of liabilities. There 













o 𝐶𝐹𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑢𝑡𝑢𝑟𝑒 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑖𝑡  𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑃𝑉 𝑖𝑠 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 
 
▪ PV01 – like the duration, it is an interest rate risk measure which indicates the 
negative monetary impact of the liabilities caused by an increase of the interest 
rate by one basis point (0.01% per annum). This is always a negative value 
because an increase in the interest rate will cause a fall in the liability. It can be 
calculated by the following formula: 
 𝑃𝑉01 = 𝑃𝑉 × 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 × 0.01% (4) 
 
▪ IE01 – similar to PV01, however it is an inflation risk measure which indicates the 
change in the value of the liability caused by an increase of the inflation rate by 
one basis point (0.01% p.a.). There is no simple formula to calculate this, so we 
need to estimate a new present value, but with an increase in the inflation rate 




▪ Delta – this term is used to indicate the percentage of the liability that is linked 
to inflation. It is simply calculated by dividing the IE01 by minus PV01 (PV01 is 
always negative, so we need to turn it in to a positive value). The delta is not an 
exclusive measure of liability sensitivity and can also be used to determine the 
inflation linkage of several increases (revaluation, salary or pension increases) 
linked to inflation, RPI or CPI, with different caps and floors. Usually the floor of 
each increase is 0%, however there are several types of caps that are applied and 
it is also important to measure this because if the inflation rate reaches the caps 
those increases become fixed or nominal. The delta depends on the volatility 
assumed and the current inflation expectations. The picture above helps to 
illustrate this. The Limited Price Index (LPI) increases (RPI or CPI, but with a cap 
and floor) are more linked to inflation when the inflation rate is in the middle of 
the cap and floor, case 1, because it is less likely for the inflation rate to breach 
the cap and floor (Figure 7). However, if the LPI increase is near or crosses the 
cap or floor it will be less linked to inflation as it becomes fixed thus with a lower 
delta, case 2. The Figure 8 shows how the volatility affects the inflation linkage. 
If the inflation volatility increases, the LPI increase is more fixed in nature as it is 
Figure 7: How delta is value Source: Mercer (2019d) 




more likely for the inflation rate to reach the cap and floor, case 3. On the other 
hand, if the inflation volatility decreases, the LPI increase is more real as the 
probability of reaching the cap and floor is lower, case 4. The delta of the LPI 
increases are also affected by time. Those deltas decrease over time when the 
current level of inflation is between the cap and floor. This is due to the 
diminishing certanty as time goes by. At short tenors it is very unlikely for the 
inflation rate to reach the cap or floor. However, as time progresses, the inflation 
levels are more uncertain, so the probability of reaching the cap and floor 
increases thus decreasing the deltas. This is also caused by the path dependence 
of inflation which is when the inflation level reachs the cap or floor it is more 
likely that it will hit the cap and floor the following year. Figure 9 above illustrates 
this for a LPI increase benefit with 0% floor and 5% cap. The formula to calculate 







o 𝐿𝑃𝐼_𝑃𝑡  𝑖𝑠 𝑡ℎ𝑒 𝐿𝑃𝐼 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 (𝑖. 𝑒.  𝑎𝑑𝑑 𝑎𝑛 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑟𝑔𝑖𝑛𝑔 𝑜𝑓 0.5%) 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝐿𝑃𝐼𝑡 𝑖𝑠 𝑡ℎ𝑒 𝐿𝑃𝐼 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑅𝑃𝐼_𝑃𝑡  𝑖𝑠 𝑡ℎ𝑒 𝑅𝑃𝐼 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 (𝑖. 𝑒.  𝑎𝑑𝑑 𝑎𝑛 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑟𝑔𝑖𝑛𝑔 𝑜𝑓 0.5%) 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑅𝑃𝐼𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑅𝑃𝐼 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
 
5.3 Modelling process 
This section describes the process used during the internship to analyse the sensitivity 
of the liabilities of a pension scheme. This process takes us approximately three to four 
weeks to complete. There are three workers involved in each project: the Doer, also 
known as Leader, who is in charge of doing the project (i.e. is the leader of the project); 
the Checker, who checks if the project is correctly done by the Doer; and the Reviewer, 
who has more experience in the subject and gives the final approval. In order to produce 
this project, we used a special software developed by Mercer called the “Gold Tool”.  
The main goal of the Gold Tool is to estimate how the value of the liabilities will shift 
with changes in future market levels of interest and inflation rates. The purpose of this 
is that it will be used to identify a portfolio of assets that will mimic the liability 




movements as closely as possible and that portfolio is called a Liability Benchmark 
Portfolio (LBP). The Gold Tool applies a detailed cashflow-based approach, where 
benefit payments are projected on a year-by-year basis and estimates how the 
cashflows change under several alternative scenarios for future interest and inflation 
rates. This year-by-year inflation approach is considered to be very sophisticated to 
properly understand the structure of benefits linked to inflation which are subject to 
floors and caps. There are two main reasons why this method is considered superior to 
others. First it captures the fact that increases before and after retirement could be 
materially different and second it also captures the fact that future inflation is more 
uncertain for future years and therefore caps and collars are generally more likely to be 
hit in those years which in turn reduces the sensitivity to changes in inflation 
expectations. The Gold Tool splits the cashflows and liabilities into nominal and real as 
also estimating the inflation and interest sensitivity. The features of the Gold Tool are 
explained in more detail later.  
 
5.3.1 Cashflows 
Our process starts by receiving a request by a Mercer consultant, who is the final 
“consumer” of our product. The consultant goal is to present an accurate investment 
strategy to Mercer´s clients. After the request is made, we send them an email with 
several questions with the information required to perform our analysis. We also receive 
the cashflow data split by status (Actives, Deferreds and Pensioners) where each column 
is the year of payment and each row reflects the associated benefit increase by period 
and all the actuarial assumptions used in the valuation. If the pension scheme is open to 
accrual, there will be another set of cashflows called the Actives normal cost or future 
service which represent the cost of having one more year of service. 
Sometimes, the actuarial economic assumptions sent are forward rates. In these cases, 
as Gold Tool only operates with spot rates to reduce the partial year indexation, we need 
to convert the actuarial rates from forward to spot rate. The spot rate describes the term 
structure by specifying the current interest rate at any given maturity, whereas the 
forward rate is one-period future reinvestment rate implied by the current term 
structure of the spot rate [Vasicek, O. (2015)].  To do this converting by each year of the 
rate, we must apply the formula below: 
 
(1 + 𝑓(𝑡, 𝜏))𝜏 =




o 𝑓(𝑡, 𝜏) 𝑖𝑠 𝑡ℎ𝑒 𝜏 − 𝑦𝑒𝑎𝑟 𝑓𝑜𝑤𝑎𝑟𝑑 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 
o 𝑠(𝑡 + 𝜏) 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑝𝑜𝑟𝑡 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 (𝑡 + 𝜏) 
o 𝑠(𝑡) 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑝𝑜𝑡 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 
An important step of our process is to uninflate the cashflows provided, in order to 
remove the inflation from the actual payments, because the Gold Tool only accepts the 




of inflation and interest rates.  Appendix 2 shows the uninflated excel spreadsheet 
where we calculate this. The first step is to apply a time adjustment to the cashflows to 
consider the benefit payments to be paid at the middle of the year instead of the end, 
which is a simple multiplication of the first year cashflows by 50% and the following 
cashflows are calculated by the sum of the cashflow from year t and year t-1 divided by 
two. Next, we need to fill a table called the “Building Block” with the information of each 
LPI increases, known as labels, which are associated with the benefits increases in each 
row of cashflows. This table holds data about how each cashflow should be valued, in 
both deterministic approach (Actuary checking) and stochastic approach (derivation of 
sensitivities). The Building Block can be split into two parts which are important to 
distinguish. The first is used for deterministic PV checks (i.e. comparison with Actuarial 
present value). This information is the discount rate and actuarial assumptions provided 
by the Actuary. Those actuarial rates will also be used to uninflate the cashflows.  The 
formula below is applied to uninflate each row of cashflows at different years of 
payment. 
𝐼𝑓 𝑡 < 𝑡_𝑇𝑢𝐷 + 𝑡_𝐼𝐷𝑃) 𝑖. 𝑒. 𝑝𝑟𝑒 − 𝑟𝑒𝑡𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤  
 𝐶𝐹𝑡
𝑢 = 𝐶𝐹𝑡
𝑖 × (1 + 𝑖𝑡_𝑇𝑢𝐷




𝑖 × (1 + 𝑖𝑡_𝑇𝑢𝐷
𝐼𝑢𝐷 )−𝑡_𝑇𝑢𝐷 × (1 + 𝑖𝑡_𝑇𝐷𝑃
𝐼𝐷𝑃 )−𝑡_𝑇𝐷𝑃 × (1 + 𝑖𝑡
𝐼𝑃)−𝑡





𝑢 𝑖𝑠 𝑡ℎ𝑒 𝑢𝑛𝑖𝑛𝑓𝑙𝑎𝑡𝑒𝑑 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝐶𝐹𝑡
𝑖 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑓𝑙𝑎𝑡𝑒𝑑 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑖𝑡𝑇𝑢𝐷
𝐼𝑢𝐷  𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑢𝑛𝑡𝑖𝑙 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑢𝑛𝑡𝑖𝑙 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 
o 𝑖𝑡_𝑇𝐷𝑃
𝐼𝐷𝑃  𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑡𝑜 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑡𝑖𝑚𝑒 ↓
 𝑓𝑟𝑜𝑚 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑡𝑜 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 
o 𝑖𝑡
𝐼𝑃  𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑡 
o 𝑖(𝑡_𝑇𝑢𝐷+𝑡_𝑇𝐷𝑃)
𝐼𝑃  𝑖𝑠 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑎𝑡 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑢𝑛𝑡𝑖𝑙 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 ↓
𝑝𝑙𝑢𝑠 𝑡𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑡𝑜 𝑝𝑎𝑦𝑚𝑒𝑛𝑡 
The second part will be used to derivate the sensitivity of the cashflows (i.e. stochastic 
present values and calculation of inflation exposures). This data has two different parts, 
the one used to estimate the sensitivities and LPI rates called the “Rules for future (LBP 
hedge derivation)” and another used for the roll forward called “Historic Indexation” 
which is essential, because the cashflows are at the date of valuation and we need to 
estimate the value of those cashflows at a future date. These are all explained below. 
The data from the “Rules for future (LBP hedge derivation)” are the following [Mercer 
(2018a)]: 
▪ Labels – the name given to the LPI increases which are associated to the 




▪ InfPercent – the percentage in which the LPI increases is linked to inflation. It is 
usually 0% for fixed/nominal increases and 100% for inflation-linked increases. 
However, in some specific cases other percentages may fit (such as 66% or 33%). 
▪ InfMargin – the gap between the RPI rate and the LPI increase assumption. In 
labels linked to CPI, it should reflect the difference between CPI and RPI, while 
an RPI linked label will have a 0% margin. For other RPI linked labels, for example 
S148 or salary increases could be set as RPI minus or plus the margin. In some 
cases, we need to allow for Inflation Risk Premium (IRP) and add it for all labels. 
▪ InfMin – the floor of each LPI increase which is usually set to 0% as we don´t 
assume negative increases. 
▪ InfMax – the caps of each label. It varies depending of the different labels set up. 
When the label is uncapped it should be set to 99%. 
▪ Type – decides how the Gold Tool will simulate the future inflation. It has two 
different inputs, 1 or 2. Type 1 stands for year-on-year application, while type 2 
represents a cumulative assumption path, which means that the minimum and 
maximum are applied cumulatively over the term since time zero. Normally, the 
revaluations are set as type 2 and pension increases as type 1. 
The parameters from the “Historic Indexation” are described below: 
▪ Inflation Switch Date (Type 1 to Type 2) – the date when the pension scheme 
switched from RPI to CPI revaluation, usually set to 30 September 2010.  
▪ Inflation Type 1 and Inflation Type 2 – is the inflation index that is associated 
with the label which can be one of four centrally updated inflation indices (RPI, 
CPI, NAE and Average Weekly Earnings [AWE]), or even a custom historic 
inflation. The Inflation Type 1 is the index applied up to the “Inflation Switch 
Date” and Inflation Type 2 is another index used afterwards.   
▪ LastAnniversary – is the date of the last pension increase allowed in the 
cashflows at valuation date (inflation lag). It is very important because it specifies 
the level of inflation increases that are already applied to the cashflows. During 
the roll-forward any historical revaluations, as well as subsequent revaluations 
and pension increases will be made with reference to this date. 
▪ ApplyPercent – used to specify if the “InfPercent” is applied to the historical 
revaluations and future increases during roll-forward. This input is always set to 
“TRUE” 
▪ ApplyMargin – used to specify whether the “InfMargin” is applied to the 
historical revaluations and future increases during roll-forward. It is used for CPI 
linked benefits and should be defined as “FALSE”. In addition, AWE linked 
benefits are also set to “FALSE”. For example, if CPI indexation is setup to be 
modelled as “RPI-0.7%” in the stochastic valuation model (i.e. “InfMargin” = -
0.7%) then the “ApplyMargin” should be set to “FALSE” because we want it to 
apply historical increases in line with actual CPI index without any adjustment. 
After everything is properly filled, the spreadsheet will calculate the uninflated 





In this part of the process, we have to fill an excel spreadsheet called the “Input 
spreadsheet”, which contains all the information needed to derive the sensitivities of 
the liabilities and will be loaded to the Gold Tool. The Input spreadsheet is shown in 
Appendix 3. There are several inputs that can be filled, although on this part of the 
process there are five key input data type objects that must be filled [Mercer (2018d)]: 
▪ Audit – the purpose of this tab is to store main client information together with 
audit trail of what has been done and checked. Most of this information will not 
have a direct impact on the sensitivity analysis and are only used for project 
identification and general information. However, the “Project as-at date” is the 
only part of the data inputs which has a relevant impact on the calculation itself 
as it specifies the effective date of cashflows (valuation date), which is important 
for roll-forwards (although it can be over-written on each 3D cashflow sheet 
separately, if needed). 
▪ BuildingBlock – holds indexation information for each tranche of benefits, as 
well as actuarial valuation assumptions. As we have already produced a Building 
Block table in the uninflated spreadsheet, we only have to copy that one to the 
Input spreadsheet. In the cases when the period between the valuation and 
analysis date is equal or higher than one year, we need to add more Building 
blocks depending on the year of roll-forward. This has to do with the 
programming methods of Gold Tool itself and will be explained in the next 
section. 
▪ 3D Cashflow – All cashflows provided by the Actuary from the uninflated 
spreadsheet that are in the uninflated (real) format. Each row of the cashflow 
represents a benefit tranche characterised by the following periods: “Time since 
leaving” (usually only used for deferred members); “Time until decrement” (not 
used at the moment and therefore set to zero); “Time until payment”; “Time 
until retirement” which is used in cases when pre and post-retirement are 
different and so “Time until payment” is different from “Time until retirement”. 
For each period of time we must specify the type of increase to be applied over 
the period, which is done by specifying the name of the indexation associated 
on the BuildingBlock. In the cases when there are pre-retirement cashflows (i.e. 
when the year of payment of the cashflows is inferior to the “Time until 
payment”), the Gold Tool will separate these cashflows from the rest (post 
retirement cashflows). 
▪ LPI Model Parameters – control the volatility of the inflation which impacts the 
level of LPI curves and thus influences the present value of LPI benefits. it 
contains two alpha and two sigma values (one for nominal and one for real) and 
one rho parameter (correlation). There are three different volatility parameters: 
Central, Lower and Higher.  We need to set the parameters accordingly with the 
volatility assumption requested in the email (usually it is the Central volatility 





▪ Yield Curves – where we set the current market yield curves that will be used in 
the analysis plus the requested margin. Usually we fill two different curves, one 
at valuation date and other at analysis date. 
 
5.3.3 Gold Tool 
When all these five key inputs are filled, we can then load it to the Gold Tool. The 
interface of Gold Tool can be seen in Appendix 4. This interface is split into the following 
seven main tabs [Mercer (2018d)]: 
▪ General Settings – stores general information about the project, gets a quick 
overview of all objects (cashflows, building block, yield curves and more) used in 
the project and specifies a path to the MATLAB library folder. 
▪ Preliminary – used for some initial cashflow manipulation processes, such as 
combining several cashflows together or rolling cashflows forward over time.  
New cashflows are generated as result of this process. 
▪ LPB Derivation – used to generate the estimations of the sensitivity of the 
liability value to interest and inflation rates under market conditions at a given 
point in time. 
▪ HAT (RISK) – where the effectiveness of LBPs and other user-specified “LBP 
Bonds” are tested against the underlying liabilities. It is strongly recommended 
to run all final LBPs through HAT to check the effectiveness of the hedge, 
especially if the LBP will be used for implementation. 
▪ Charts – used to plot various charts from the analysis when populating the deck 
which is a PowerPoint presentation with details information explaining how the 
LBP was derived, the assumptions underlying it and the circumstances under 
which it should be reviewed. 
▪ LDI Roll – used to roll forward LBP Bonds (previous estimations generated on the 
“LBP Derivation” tab) over time, which is a useful feature to monitor an LBP at 
various points in time.  It is important to understand that rolling forward the LBP 
Bonds is different from rolling forward the 3D Cashflows. 
▪ LDI Analysis – used to plot charts to compare cashflows, PVs, PV01s & IE01 of 
various Portfolios simultaneously. 
The first three tabs are the most important and are explained in more detail in this 
section. On the other hand, the other tabs are only used when a deck or additional 
analysis are requested and will not be further explained because it wasn´t part of the 
activities performed in the internship. Before importing the Input spreadsheet, we need 
to select the local copy of the MATLAB library path which is a collection of *.mat files 
that hold a database of historical yield curves and inflation indices necessary to run the 
sensitivity analysis. When loading the Input spreadsheet, the Gold Tool will perform a 
deterministic run where it calculates its own present value of the cashflows imported 
called the “Model PV”. It uses the actuarial assumptions from the Building Block to 
inflate and discount the cashflows and compares this “Model PV” with the actual 




done correctly as we expect the difference between those two present values to be 
lower than 1%. For further analysis of this deterministic run we can export an excel 
spreadsheet called “Step1” spreadsheet where we can do another check to compare the 
Model PV against the Actuaries PV line-by-line. This can all be seen in the “General 
Settings” of the Gold tool. In this tab we can also add new “Yield Curves” and “LPI Model 
Parameters” without having to create them in the Input spreadsheet and load it again.  
We can then advance to the cashflows manipulation in the “Preliminary” tab of the Gold 
Tool. In this tab we can take one or more existing 3D Cashflows as an input, to create a 
new 3D Cashflow object to be used later on. It has four basic processes to manipulate 
the cashflows which I explain below [Mercer (2018d)]: 
▪ Basis Switch – alter the Building Block information associated with the 3D 
Cashflows used to estimate the “Model PV”.  It is used to check the present 
value of the 3D Cashflows under an alternative valuation basis. Not usually 
used. 
▪ Truncate CFs – used to reduce the number of rows in the 3D Cashflow to improve 
the calculation times of LBP Hedge and HAT. When the 3D Cashflow includes 
large number of rows with insignificant (close to zero) present values it will 
negatively impact calculation times of LBP Hedge and HAT. The eliminating of a 
proportion of the cashflow data will reduce the number of rows in the 3D 
Cashflows, as well as the impact on the total present value. The “PV Correction” 
will ensure the total PV of the manipulated 3D Cashflow is the same as the PV of 
the original cashflows by scaling the remaining cashflows up to the original PV. 
Not usually used. 
▪ Combine CFs – used to combine several 3D Cashflow together into a single 
Cashflow object. The combination of 3D Cashflows must have the same valuation 
date and BuildingBlock associated. We usually used this function to combine all 
the past service 3D Cashflows (Active, Deferred and Pensioner) to get the Total 
cashflows. 
▪ Roll Forward – used to apply known increases to the 3D cashflows to move the 
cashflows forward in time applying the data in the “Historic Indexation” of the 
Building Block table. The software will break up the roll forward period into 
whole year rolls followed by a partial-year roll. For example, a 2.50 years roll 
forward will be done in three steps: two yearly rolls and a partial roll for 0.50 
years at the end. For each roll forward step, we need to specify the correct 
Building Block that should be used to reference the appropriate indexation. As 
mentioned before, if the period between the analysis and valuation date (i.e. the 
roll forward period) is equal or higher than one year we need to add a new 
Building Block and add years to the “LastAnniversary” column. When performing 
a roll forwards for less than 1 year, the base BuildingBlock should be used 
because any partial year roll forwards are performed by referencing the 
“LastAnniversary” as the start date of the indexation. However, when 
performing roll forwards for exactly 1 year up to 1.99 years, we should select a 




will perform the roll-forward in two steps, first applying one-year worth of 
increases by referencing the 12-month index change prior “LastAnniversary” 
date of the new Building Block and then a partial year roll forward by applying 
increases from that date onwards. For roll-forwards with exactly 2 years up to 
2.99 years, we need to create and select two Building Blocks. In the first one we 
have to add one year to the “LastAnniversary” date and it will be used for the 
first year roll forward (referencing 12 months increases prior to the anniversary 
date plus one year). The second BuildingBlock we have to add two year to the 
“LastAnniversary” date and it will be used to firstly apply another 12 months of 
increases (by referencing 12 months prior to the anniversary date plus two year) 
and then partial year increases from that date onwards. For longer roll forward 
periods we should apply the same approach. This is an essential step as we need 
to move the cashflows forward in time to the analysis date for a more accurate 
and current sensitive analysis. 
The next phase is to estimate the sensitivity of the liabilities in the “LBP Derivation” tab. 
In each estimation called LBP Hedge we need to specify the type of cashflows, yield 
curve, LPI Model, numbers of simulations and size of perturbation. The higher number 
of simulations, which is used to estimate the LPI curves, the higher the level of accuracy 
and smoothness of the hedge, however it will take longer to perform the calculations. 
These inputs depend on the request from the consultant, but we typically we run all 
types of cashflows (Active, Deferred, Pensioner and Total) with Central volatility, full 
simulation and 50 basis points of perturbation. We run this “LPB Hedges” with two 
different yield curves, one at valuation date for checking purposes and other at analysis 
date which is the final output requested by the consultant. Then the software will 
proceed to derivate the sensitivities of the liabilities. The process behind it is the 
following. First, it uses its own internal module to price the LPI benefits called the LPI 
Pricer. The current level of inflation and the assumed level of inflation volatility, which 
helps to determine the probability of reaching the floors and caps in the future, are the 
main parameters which influence the pricing of LPI benefits. The LPI Pricer applies a 
stochastic model based at the Jarrow Yildrum (JY) model [Mercer (2018d)] to estimate 
the LPI curves, which is basically two Hull and White models, one for nominal rates and 
one for real rates that provide an implied process for inflation. It uses the parameters 
from the “LPI Model”, where the sigma can be interpreted as the volatility of the short 
rate and the alpha is a mean reversion term, that impacts on how quickly the short rate 
simulation paths tend back to a central path and also determines the relationship within 
the model between the volatility of shorter and longer dated bonds, which are tied 
together with a correlation factor rho [Mercer (2018b)]. The inflation simulations are 
derived as the difference between nominal and real simulations. It uses a Monte-Carlo 
simulation to project nominal and real yields over several simulations (usually 10,000), 
calibrated so that nominal and real yield projections are consistent with market data. It 
will then apply the floors and cap to each simulation and will take an average to generate 




Afterwards, the Gold Tool will calculate the central value of liabilities using the initial 
level of inflation priced using the LPI Pricer. Then it perturbs the year 1 forward inflation 
curve by the “Perturbation size”, often +50 bps, and reprice the liabilities; in other words 
it feeds the perturbed curve to the LPI Pricer and uses it to find the new value of 
liabilities, which allows it to calculate sensitivity of liabilities to the year 1 inflation 
forward. It repeats this calculation, but with the inflation curve derived as the central 
curve + 50bps applied to the year 1 and 2 forwards. Repeats the calculation again, but 
with the inflation curve derived as the central curve + 50bps applied to year 1, 2 and 3 
forwards. It will continue to repeat the calculation with the forward curve perturbation 
all the way to year 120, which will result in 120 different inflation perturbation scenarios, 
each associated with a new value of liabilities. It then calculates 120 liability sensitivities 
(i.e. the percentage change in liabilities (relative to central PV) in each of the 120 
inflation scenarios described above). It produces the inflation exposure inherent in 
liabilities in each of the 120 years along the curve.  This is combined with the interest 
and inflation rate exposure to generate a portfolio of zero-coupon nominal and real 
bonds called the “LBP”. This process is illustrated in the following figure: 
 
Figure 11 How the Gold Tool works  Source: Mercer (2018b) 
The results can then be exported to an excel spreadsheet called the Output spreadsheet 
for further analysis.  
 




5.3.4 Checks and Output  
The Output spreadsheet contains all the information on the cashflows and liabilities 
sensitivities and it is the final product we deliver to the consultants so they are able to 
build an LBP. The Output spreadsheet contains several sensitivity data like the cashflows 
split into nominal, real inflated, real uninflated and total; the present values also split by 
nominal and real; PV01s and IE01s both in spot and forward; specify inputs of the LBP 
Hegde such as LPI model, cashflows date and yield curve date which help identify each 
run. There are some figures of the Output spreadsheet in Appendix 5 to have a better 
understanding of the data it contains. Before we can send these results to the 
consultant, we need to do numerous checks to ensure the process and estimations have 
been done correctly and no mistake has been made along all the steps. We have another 
excel spreadsheet to helps perform this check and to prove the analysis was done 
properly called the Checker spreadsheet which can be seen in Appendix 6. In this 
spreadsheet, we used the LBP Hedges run at valuation date to compare with the data 
provided by the Actuary and check the consistency with the previous liability sensitivity 
analysis, with the Actuarial valuation present value, with the Actuarial valuation 
sensitivities and with pension increase split. Besides this, we also calculate the roll 
forward of the LBP Hegde at valuation date to the date of analysis to check if the Gold 
Tool roll forward the cashflows correctly. After all the check are performed, the Checker 
and the Reviewer will look at the analysis and when they are comfortable with the 
results, we can then send the Output spreadsheet to the consultants. As said previously, 
the consultants can also request further analysis or a PowerPoint presentation (called a 
Deck) with more sensitivities analysis to show to the client, although those activities 
were not part of my tasks during the internship. In addition, the consultants can also ask 
for us to make some adjustments for external factors to the analysis, such as the actual 
cashflows that have been paid, especially for the values of the members that transferred 
out of the scheme, adjust for the inflation lag and other factors like the GMP 
Equalisation, for example. The consultant, working alongside with the investment team, 
will invest the assets in zero coupon gilts, which are government bonds from the UK, 
with similar sensitivities to those of the liabilities for different maturities and therefore 
protecting the liabilities to changes in interest and inflation rate to ensure that there is 
enough money to pay the retirement benefits when they are due. When the liabilities 
and assets behave differently to changes in the interest and inflation rate, the deficit of 
the funding level will increase if the interest rate falls, for example. When there is no 
hedging, if the liabilities rise, the assets will not change and the deficit will increase. On 
the other hand, when there is 100% hedging, an increase in the liabilities will cause an 
increase in the assets in the same value while the deficit remains the same. The figure 






Figure 12: Liability Hedge Source: Mercer (2019b) 
Most clients that implement an LBP follow a Liability Driven Investment (LDI) strategy. 
This strategy can be split into two parts. The Growth part which consists in investing a 
proportion of the assets in riskier financial instruments, such as equity funds, so that 
they can generate investment return. As some schemes are underfunded, there is this 
need to generate return to reduce the funding gap of the scheme. The amount of assets 
that will be used for growth will depend on the amount of the deficit and the risk 
tolerance. The other part of the LDI strategy is the Matching component. This is where 
the remaining assets will be invested in low risk financial instruments, such as bonds, to 
match the sensitivity of the liabilities and help manage the interest and inflation risk. 
The LBP will be implemented in this part of the LDI strategy. However, it is worth notice 
that in the real world it is difficult to find financial instruments to invest in, which have 
the same sensitivity as the liabilities, so it is hard to build a portfolio where the liabilities 
are 100% hedged. In other cases, the trustees might not want to hedge all the liabilities 
as part of the investment strategy, for example when the interest rate is very low and it 
is expected that it will rise, the trustees choose not to fully hedge the liabilities because 
an increase in the interest rate will result in a decrease in the liabilities, so they don´t 
want the assets to fall in the same proportion. Therefore, the LBP is frequently used, as 















6. Conclusion  
 
This internship was a very rewarding experience as I had the opportunity to have my 
first professional experience and to learn more about pension funds, especially in the 
UK, develop my soft skills and expand my knowledge in Excel. The liability sensitivity 
analysis performed during the internship is very important for the implementation of an 
investment strategy which consists in building a portfolio that will mimic the liability 
movements of the pension scheme as closely as possible. As the liabilities of a pension 
scheme will change when there are shifts in the inflation and interest rate, this kind of 
investment strategy will reduce the risk exposure to these changes. Therefore, the 
trustees are opting for this investment strategy to achieve their goal of ensuring there 
is enough money in the trust account to pay the promised retirement benefits to the 
members of the pension scheme. Although this analysis is considered to be very 
sophisticated and capable of closely matching the movement of the liabilities to changes 
in the interest and inflation rate, there are some limitations in this process. For active 
members, which have three periods with different inflation linkage (Time from valuation 
to decrement; Time from decrement to payment; Time from payment), the Gold Tool is 
only able to handle two periods of indexations, so the first two periods (time from 
valuation to decrement and time from decrement to payment) have to be merged and 
a single indexation was assumed for those periods which will result on an analysis which 
will not be as accurate as intended. Currently, there is a project to update the Gold Tool 
so it can handle these three indexation periods and consequently making it a more 
accurate approach. Another feature being developed is the ability to slip the inflation 
linkage benefits into those that are linked to RPI and those that are linked to CPI. These 
new features will contribute for the consolidation and accuracy of the Gold Tool thus 
allowing for a more accurate and efficient analysis. Another limitation of the LBP 
approach is related to the shortage of government bonds. The supply of some bonds, 
especially long-term index-linked gilts, can be very low and unpredictable, since it 
depends of the UK government need to issue debt [BMO Global Asset Management 
(2017)]. Also, most UK government bonds that are available have short maturities and 
there are a small number of long-term bonds available in the market. As an LBP is 
composed of zero coupon government bonds, this scarcity will affect the investment 
strategy and result in a change on the asset allocation to accommodate this limitation, 
despite the advantages of using government bonds (low risk investment). Due to these 
limitations, trustees are opting to invest in swaps instead of bonds, given that swaps are 
more flexible and are available in almost all maturities up to 50 years. Also, there is no 
supply issue with the swaps as in the case of the government bonds. Therefore, swaps 
are considered a good alternative to bonds, mainly to match the long-term liabilities. 
Even with these limitations, the LBP approach is still considered a very sophisticated and 
effective method to hedge the liabilities, thus reducing the risk associated with DB 
pension schemes and ensuring that each member of the pension scheme will receive 
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Appendix 1: Indexation periods 
 




Appendix 2: Uninflated spreadsheet 
 






























Appendix 3: Input spreadsheet 
 

















































Appendix 4: Gold Tool layout 
 






Figure 25: Preliminary Source: Author 
 




Appendix 5: Output spreadsheet 
 
 









































Appendix 6: Checker spreadsheet 
 
 

















Figure 33: Main checks (compares several parameters) Source: Author 
 
Figure 34: Estimating the deltas to compare with Gold Tool Source: Author 
